Objective: To investigate if dietary energy density is associated with measures of dietary quality (food group, micronutrient and macronutrient intakes) in children and adolescents. Subjects/Methods: In all, 551 children (mean age 9.6 years, 52% girls) and 569 adolescents (15.5 years, 55% girls), sampled from schools in Sweden, completed a single 24-h dietary recall. Dietary energy density (kJ/g) was calculated as the energy from all food consumed divided by the weight of all food consumed. Beverages were excluded from the calculation. Food and micronutrient intakes were adjusted for energy intake. A one-way analysis of variance (ANOVA) was used to test for differences in food group and nutrient intakes across age-and gender-specific tertiles of energy density. Discriminant analysis was used to confirm the groupings formed by tertiles. Results: Subjects with low-energy-density diets were significantly more likely to consume fruits, vegetables, pasta, rice, potatoes and cereals and less likely to consume sweetened drinks, sweets and chocolate. After energy adjustment, their intakes of many foods recommended in the Swedish food-based dietary guidelines were higher and intakes of nutrient-poor foods were lower. The macronutrient energy profile (% energy) of low-energy-density diets was closest to the recommended level. Low-energydensity diets contained greater amounts of most micronutrients. Discriminant analysis confirmed the existence of heterogeneous dietary patterns and the likelihood of correct classification by energy density in 65% of cases. Conclusions: Lower dietary energy density is associated with better dietary quality in children and adolescents. Energy density has advantages over other whole diet analysis methods and may be suitable as a simple proxy of diet quality.
Introduction
No simple, well-accepted criteria exist that allow diets to be classified as healthy or unhealthy. Attempts to assess overall diet quality have often relied on scores or indexes (Kant, 1996) and, more recently, data-driven methods (for example, cluster or factor analyses) (Hu, 2002; Hoffmann et al., 2004; Kant, 2004; Newby and Tucker, 2004) . These approaches attempt to capture the dietary pattern rather than focusing on certain foods or nutrients. The disadvantages are that data must be structured in a way that allows the score to be calculated or, in the case of data-driven methods that the results are sample specific. Dietary energy density has the advantage of being simply calculated and available from all types of dietary data in which food and beverage energy and intakes are available.
The energy density of a food/diet is a measure of the amount of energy provided per unit weight and is primarily determined by its water and fat content (Stubbs et al., 2000; Drewnowski, 2003) . Dietary energy density has been associated with higher dietary quality in adults (Kant and Graubard, 2005b; Ledikwe et al., 2006b; Maillot et al., 2007; Schröder et al., 2008b) , and also with more objective measures of health, such as the metabolic syndrome, overweight and predictors of obesity in adults and children (Kant and Graubard, 2005b; Howarth et al., 2006; Mendoza et al., 2006 Mendoza et al., , 2007 Ledikwe et al., 2006a) .
The aim of this study was to examine the association of dietary energy density with dietary quality, namely food group intake, vitamin and mineral intakes and macronutrient energy profile, in Swedish children and adolescents. The ability of energy density to discriminate heterogeneous dietary patterns in the population was also tested.
Subjects and methods

Participants
Subjects were Swedish participants of the European Youth Heart Study, conducted during 1998-1999. Over 2000 (n ¼ 2313) children (from grade 3 (9 years old)) and adolescents (grade 9 (15 years old)) were sampled from classes selected from 42 schools in southern Stockholm and Ö rebro, and 1137 students consented to participate (Wennlöf et al., 2003) . Permission was obtained from the local ethics committees (Huddinge University Hospital no. 474/98, Ö rebro City Council no. 690/98). Written consent was provided by a parent or legal guardian; verbal consent was provided by the subjects. Data collection was performed at the school.
Dietary assessment
All subjects completed a single interviewer-mediated 24-h recall. The younger children kept a 1-day qualitative food diary with the assistance of their parents on the day before the interview, to aid as a prompt in case of difficulties with recall. A food atlas with pictures of common foods in various portion sizes was available during the interview, along with standard household units to help estimate quantities accurately. Data from the recall were analysed using software (StorMats, version 4.02; Rudans Lättdata, Västerås, Sweden) based on the Swedish Food Administration's nutritional database (version 99.1; www.slv.se). Each food consumed was allocated to a food group on the basis of nutritional or dietary similarities and intakes are presented at the food group level. The food groups were originally based on the Swedish Food Administration's groups but were modified to allow more specific classification in some cases and less in others. The 'milk, fil, yoghurt' group includes fil, a souredmilk product similar to yoghurt, common in Nordic countries. 'Sweetened drinks' refer to carbonated or cordialbased drinks; fruit juices are concentrated or fresh juices. The 'other sweet foods' group includes desserts, ice cream, sweet soups, jams and added sugar. 'Burgers, sausages' are processed meat products and are a subsection of the 'meat, meat dishes' group. 'Cereals' refer to breakfast cereals (both sweetened and unsweetened). Fried potatoes are included in the 'chips, crisps' group. Someone who reported eating any amount of a food group was considered a consumer.
Calculation of energy density
Energy density was calculated as energy (kJ) divided by weight (g). Food was defined as solid food and liquids consumed as food (for example, soups and yoghurt). All beverages, both energy-containing (for example, milk, sweetened drinks and fruit juices) and non-energy-containing (for example, water, coffee and diet beverages), were excluded. As the energy density differed by age and gender, tertiles were created that were specific for age and gender. The diets of these groups were referred to as low-, middleand high-energy-density diets.
Recalls of suspected poor quality or inadequate energy On completion, the recall was immediately rated by the interviewer on the basis of the subject's perceived interest and motivation and the level of detail provided. Interviews with a score of less than three (out of five) were suspected to be of low quality. The plausibility of energy intakes reported was tested by comparing the reported intakes with a theoretical intake that is predicted from basal metabolic rate requirements, and age-and gender-specific physical activity levels, assuming weight stability. A confidence interval is constructed around the predicted intake that takes into account the number of days of diet recorded (Goldberg et al., 1991) . Basal metabolic rate was estimated (Schofield, 1985) using weight and height that had been measured using standardized techniques, and reference physical activity levels were taken from Black (2000) . Subjects with energy intakes below the lower confidence interval cutoffs were considered possible under-reporters, and these cutoffs were equivalent to a ratio of reported energy to basal metabolic rate of 0.97, 0.98, 0.98 and 1.03 in 9-year-old girls and boys, and 15-year-old girls and boys, respectively. Owing to the uncertainty in identifying under-reporters, particularly when only 1 day of dietary data were available (Black, 2000) , we chose not to exclude these subjects. Instead, we considered the effect that exclusion might have on the results.
Statistical analysis
An initial correlation analysis confirmed a positive and significant association between energy intake and both food and nutrient intakes. As energy was also a component of the predictor variable-energy density-any association between foods and/or nutrients with energy density might have been attributed to the effect of increasing energy. To overcome this, food group and micronutrient intakes were regressed on total energy intakes and the residuals of these linear regressions were used as the response variables in subsequent analyses (Willett et al., 1997) . The residuals are, by definition, uncorrelated with energy and represent the differences between the observed and predicted intakes, that is, the difference between an individual's actual food or nutrient intake and what it would be expected to be, given their energy intake.
The association of energy density tertiles with food group and micronutrient intake residuals was analysed using one-way analysis of variance (ANOVA). Differences in energy density between age and gender subgroups were analysed using one-way ANOVA with Tukey's post hoc test. A w 2 test checked for differences in the frequency of food group consumers across tertiles. Energy density (after square-root transformation to normalize the distribution) was tested between under-and adequate reporters using Student's t-test.
To further check that the tertiles represented heterogeneous dietary patterns, we performed discriminant function analysis. This tests whether cases are classified as predicted from a set of discriminating variables (the food residuals) into predefined groups of a criterion variable (the energy density tertiles). The predicted classification was compared with the original classification. It also calculates structure coefficients of the discriminating variables, which indicate how much they predict the groups.
Before regressing the foods/nutrients on energy, the intakes were transformed (square root or natural log) so that the residuals of the regression were as homogeneous as possible across tertiles, a requirement of both discriminant analysis and ANOVA. Owing to the skewness of the data, intakes of food groups are presented in Table 2 as geometric means and 95% confidence intervals, for consumers only. The geometric mean is equivalent to the antilog of the arithmetic mean of log-transformed data. All other tables use (arithmetic) mean and s.d. All analyses were performed using SPSS for Windows, version 16 (SPSS Inc., Chicago, IL, USA) and the level of significance was set at Po0.05.
Results
Data were available for 551 children (52% girls, mean age 9.6 years) and 569 adolescents (55% girls, mean age 15.5 years). The prevalence of overweight was 12% (highest in 9-year-old boys at 14%; lowest in 15-year-old girls at 9%), and the prevalence of obesity was 2% (highest in 15-year-old boys at 3%; lowest in 15-year-old girls at 1%).
As the diet increased in energy density, energy intake increased, and total food intake decreased, across each tertile, in all age and gender subgroups (Table 1) . These relationships were linear, except in 15-year-old boys. Only the low-energy-density diet group met the population goals for energy from macronutrients (WHO, 2003; Alexander et al., 2004) (Figure 1 ).
Significant differences between energy density tertiles were observed in both the proportion of food group consumers and in the amounts consumed ( Table 2 ). The w 2 tests showed that, for each of the following food groups, in at least three of the age and gender subgroups, subjects with the lowest energy density were more likely to consume fruit, vegetables, pasta, rice and potatoes, and cereals and less likely to consume sweets and chocolate, and sweetened drinks. After adjustment for energy, intakes of most food groups differed significantly across tertiles of energy density (Table 2b ). The food group that differed most across tertiles, with the largest F-value, was fruit, followed by pasta, rice, potatoes, vegetables, sweets and chocolate and milk, fil and yoghurt. Low-, mid-and high-energy-density diets also differed significantly in terms of micronutrient and fibre intake (Table 3) . 
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The discriminant function analysis confirmed that significant differences between energy density tertiles existed (overall Wilks' l ¼ 0.49, Po0.001). The largest structure coefficients were for fruit (0.430); pasta, rice and potatoes (0.387); vegetables (0.352); sweets and chocolate (À0.275); sweetened drinks (À0.245); and milk, fil and yoghurt (0.220). The discriminant analysis was also able to classify subjects into groups that agreed well with the energy density tertiles. Using all the available food intake data, 65% of subjects were classified to the 'correct' (same) group as when only the dietary energy density variable was used, exceeding the value for classification based on chance (33%). Reanalysis with the extreme tertiles only (that is, low and high) correctly classified 89%.
Potential energy under-reporting occurred more in the older age group (data not shown). Under-reporters had significantly lower dietary energy density compared with adequate reporters in the older age group only (1.57 vs 1.71 kJ/g, P ¼ 0.010); however, removing all under-reporters (n ¼ 84) did not change any associations between energy density and either food groups or micronutrients. Although the younger age group was more likely to have a lower quality interview, energy density did not differ between lowand high-quality recalls, and excluding these recalls (n ¼ 149) also had no effect on the main analysis.
Discussion
Associations between dietary energy density and diet quality The low-energy-density diet had a macronutrient energy profile closest to the population goals and higher intakes of most micronutrients examined. In the majority of the age and gender subgroups, it was characterized by higher and more frequent intakes of many of the food groups recommended in Sweden. The discriminatory analysis confirmed that the tertiles, particularly the two extreme tertiles, were considerably different from each other. Taken together, the overall picture of a lower energy density diet is one of higher dietary quality.
To the best of our knowledge, no other studies comprehensively describing dietary quality and energy density in children under free-living conditions have been published, although Johnson et al. (2008a) did report a relationship between dietary energy density and percent energy from total fat (positive) and fibre (negative) in a sample of UK children. A cross-sectional association between energy density and selected predictors of obesity (Mendoza et al., 2006) , and a longitudinal association with overweight (McCaffrey et al., 2008; Johnson et al., 2008a) , have also been reported in children. In adults, low-energy-density diets have been associated with higher diet quality (based on micronutrient, macronutrient and food intakes) in two large US cohorts: the NHANES III (Third National Health and Nutrition Examination Survey) and the CSFII (Continuing Survey of Food Intakes by Individuals) 1994-1996 surveys (Kant and Graubard, 2005b; Ledikwe et al., 2006b) . In almost 2000 French adults, dietary energy density was found to correlate with the mean adequacy ratio, an index of quality based on recommended nutrient intakes (Maillot et al., 2007) . Cucó et al. (2001) defined energy density as kJ per cm 3 , including beverages, and found that high energy density was associated with higher intakes of fat and certain food groups in Spanish adults. Using kJ/g and excluding beverages, Schröder et al. (2008a, b) also found that lowenergy-density diets were of higher quality in Spanish adults, including the elderly. Both the ANOVA and the discriminant analysis suggested that fruit, pasta, rice and potatoes, vegetables, milk, fil and yoghurt, sweets and chocolate, and sweetened drinks are the most important food groups in determining dietary energy density. Johnson et al. (2008b) noted in their study that fruit and vegetables (combined) had twice as heavy a loading on a dietary pattern score that included energy density than crisps and confectionary did. They propose that this should 'reinforce efforts to encourage consumption of fruit and vegetables' rather than 'focusing on the exclusion' of energy- Dietary energy density and diet quality E Patterson et al Table 2 Intakes of food groups across diets of low-, mid-and high-energy density in (a) 9 year olds (n ¼ 551) and (b) 15 year olds (n ¼ 569) by gender One-way analysis of variance (ANOVA) for all subjects (n ¼ 1120), with energy density tertiles as the independent variable, and residuals of food groups regressed on energy as dependents.
for trend in percentage of consumers across low-, mid-and high-energy-density diets significant in boys.
e w 2 for trend in percentage of consumers across low-, mid-and high-energy-density diets significant in girls.
Dietary energy density and diet quality E Patterson et al dense foods, but whether this would be any more effective from a public health perspective is open to debate (Verbeke, 2008) . For many foods, the trend across energy density tertiles was clear, but for burgers and sausages, and crisps and chips, it was not. These foods may reflect home cooking as well as fast food consumption and hence the association with diet quality may not be as straightforward. The mean energy density values in our study are slightly lower than those published by Johnson et al. (2008a) and McCaffrey et al. (2008) , but their dietary assessment methods differed from ours and their subjects were younger. Mendoza et al. (2006) reported much lower values but did not exclude all beverages in their calculations. As with our younger age group, no significant gender differences in energy density were reported in these studies. Despite also consuming the most foods and beverages, 15-year-old boys had significantly more energy dense diets than either the children or 15-yearold girls. Their mean energy intake was 12.4 MJ, over 3.8 MJ more than the 15-year-old girls (data not shown). Differences of a similar magnitude have been observed in another study of Swedish 15 year olds (Sjöberg and Hulthén, 2004) . Over the life course, energy density has been shown to decline after 15-17 years of age and 13-15 years in the US and Spanish adolescents, respectively (Martí-Henneberg et al., 1999; Drewnowski, 2000) .
Defining a healthy diet
There is no accepted way of identifying a 'healthy' diet. Defining a food or food group as healthy is also challenging (Drewnowski, 2005; Lobstein and Davies, 2009 ), but foodbased dietary guidelines provide some direction (FAO/WHO, 1998; Becker, 1999) . The Nordic Nutrition Recommendations recommend the consumption of fruits and vegetables, cereals, fish, milk and milk products (mainly lean varieties) and potatoes (Nordic Council of Ministers, 2004) . They advise that the consumption of energy-dense foods should be limited. More recently, an interest in whole diet analysis has led to the development of dietary pattern methods that can be broadly classified as data-driven and knowledgedriven. The former are sample specific and require subjective (89) 92 (66) 66 (64) 122 (102) 80 (70) 72 (74) Folic acid (mg) 224 (79) 193 (57) 179 (65) 223 (95) 212 (81) 185 (67) Vitamin B12 (mg) 5.0 (2.7) 4.4 (2.0) 4.7 (2.7) 6.2 (10.3) 5.6 (2.7) 5.0 (2.8) Vitamin E (mg) 6.4 (2.3) 6.4 (2.5) 7.1 (3.1) 6.5 (2.5) 6.8 (2.4) 7.3 (3.0) Vitamin D (mg) 4.5 (2.6) 4.7 (2.9) 5.4 (3.3) 4.9 (2.9) 6.7 (9.2) 5.5 (3.5) Retinol equivalents (mg) 1139 (756) 931 (500) 1045 (648) 1174 (2128) 1119 (653) 1106 (933 1173 (468) 1115 (522) 1109 (500) 1224 (512) 1417 (591) 1191 (538 One-way analysis of variance (ANOVA) for all subjects (n ¼ 1120), with tertiles as independent variable, and residuals of nutrients as dependents.
Dietary energy density and diet quality E Patterson et al interpretation of the patterns that emerge (Hu, 2002; Newby and Tucker, 2004) ; the latter, such as scores and indexes, are based on a priori assumptions about diet and health, and are not applicable in every setting. Some require information on portions, compliance with recommended daily allowances or intakes of foods or beverages (for example, alcoholic), which may not be appropriate in all countries or age groups (Kant, 1996 (Kant, , 2004 Kant and Graubard 2005a) . Energy density has the advantage of being easy to calculate in every dietary study in which energy and weight of food and beverages consumed are available. If these results are replicated in other studies, using different dietary assessment methods and in other populations, the use of energy density as a simple proxy marker for a diet of better quality might be supported. It could be used to identify upper and lower quantiles within a population and to thereby discriminate between diets that are generally of lower and higher quality, respectively.
Methodological considerations
The most appropriate method of calculating dietary energy density remains to be defined. Not only are beverages much less energy-dense than most foods, but the regulation of beverage intake is different to that of food (Rolls et al., 2005) . We chose to exclude all beverages from the calculation, and this has been recommended to enhance comparability with other studies Johnson et al., 2009) . We repeated the analysis using energy density calculated with milk, and with milk and other energy-containing beverages included. The association with 3-6 food groups (out of 20) and 2-3 micronutrients (out of 13) changed; some became associated, some lost association (data not shown), but our overall conclusion did not change. It should be noted that high energy-dense foods are not nutritionally equal. For example, a person with a high intake of 'healthy' fats would be as likely to be in the high energydense diet category as someone with a high intake of saturated fats, and this is one limitation of dietary energy density. The relatively large sample size and the use of both an objective and subjective method of identifying recalls of potentially lower quality are strengths of this study. The limitations of 24-h recalls in capturing habitual intake at the individual level are well known (Bingham, 1991; Beaton et al., 1997) , because of the large day-to-day variation in intake that exists. However, for the purpose of this study, a 24-h recall on a reasonably large group, with no obvious bias, was deemed appropriate to show an association with energy density and dietary quality.
Conclusions
The use of dietary energy density to categorize the diets resulted in groups characterized by quite different dietary patterns. Subjects with lower energy density diets are more likely to consume recommended food groups, have higher intakes of micronutrients and recommended food groups and have the most favourable macronutrient energy profile. Replication of these findings in other studies could support the use of dietary energy density as a simple marker of dietary quality.
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